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Abstract 
The objective of this paper is study the driver behaviors in the vehicle platoons starting from a traffic light. This study i s 
necessary to model the changes in the shape of the vehicle platoons at different sections along the road. It is need to understand 
these changes in order to define an adequate programming of the traffic light phases. The study started from a survey of traffic 
flows on a road section of about 650 m.: all vehicles have been followed from the start section and for each of them were 
recorded the transit times on next sections at known distance. The data have been analyzed with two different methods: Cyclic 
Flow Profiles and the Weibull distribution. The calibrated CFP, with correct parameter values, well represent the trend and the 
dispersion of vehicle platoons at the observed road section. The Weibull distribution, basic used to describe life-time reliability 
characteristics in model failure testing, can be a powerful tool also for the prediction of vehicle platoons on the road sections. 
Fact, starting from the flow study in a number of sections, it is possible to know the trend of distribution parameters as function 
of the start distance. The variation of two parameters along the road from the first section (first signal light) appears to be linear 
for the first parameter (position), almost linear for the second (form). 
 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Objective 
The objective of this work is to investigate the driver behavior in traffic platoons that depart from a traffic light. 
This study is required to right model the shape changes of the traffic platoons on different sections along road. This 
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allows to understand and to foresee the evolution of traffic platoons over a road segment aiming, for example, at 
defining an adequate phase plan to following traffic lights. It is well known in practice that traffic light coordination 
works well only for short length. This can be due to many factors among which the hypothesis of constant platoon 
characteristics is relevant. 
In this work has been studied the dispersion of vehicular platoons, starting from a traffic light, by a survey of the 
transit flows on a road section of about 650 meters with moderate interferences. The data have been analyzed 
according to the Cyclic Flow Profiles (CFP, with the recurrence relation; Robertson, 1969). The experimental CFP 
show, in some control sections along the road, the trend of the average flow transit time as a function of fixed time 
intervals that sum to the entire cycle time. The CFP, which parameter values have calibrated to fit flow profiles, well 
represent the trend and dispersion of platoons of vehicles on the road section observed. The values of the calibration 
parameters provided in the literature for this function by experiments with equivalent geometric conditions have 
been compared with those taken from the actual experimentation. 
Data of traffic platoons are been fitted also with Weibull function. This function is basic used to describe life-
time reliability characteristics in model failure testing, but, for its adaptability, can be used as powerful tool for the 
prediction of behavior of vehicle platoons on the road sections. From this point of view the current work may be 
regarded as a continuation and extension of the previous works. 
2. Cyclic Flow Profiles and Robertson Model 
Vehicles starting from the first green lamp at intersection travelling at different speeds, the flows vary from cycle 
to cycle and the saturation flow is not constant during the entire green time. The cyclic flow profiles, moreover, vary 
with the layout of the road section and with the characteristics of the traffic flows. 
The analysis of cyclic flow profiles provides information about: 
x average traffic flows: the graph area is proportional to the average flow: examining the graphs of different 
sections of urban road it can easily identify sections with greater flows; 
x coordination of traffic lights cycles: the height variations of the cyclic flow profiles are a measure of the 
coordination need of the traffic light cycles: does not have considerable advantages when the heights of the profiles 
are kept sufficiently uniform during the whole cycle, conversely if peaks of the cyclic flow profiles are pronounced, 
corresponding to well-defined platoons, then these indicate situations that can take advantage from coordination of 
traffic lights cycles; 
x saturation flows by the trend cyclic flow profiles, if exists a sufficiently large number of vehicles waiting for the 
green time, it is possible to derive the saturation flow: during some parts of the cycle it will probably a decrease of 
the flows and knowing the duration of the green time and the height of the peaks can check the duration of the 
saturation flow; 
x dispersion of platoons: the hypothesis that all vehicles travelling within a platoon at the same speed is very 
unrealistic; if it measures the cyclic flow profiles along a road section at different distances from the first stop line 
then is obtained profiles of different shape; these vary their shape «scattering» more when the distance from the 
starting line increases. 
The dispersion of flow platoons downstream of an intersection with traffic light depends, in same geometric 
conditions and environmental factors, both from the differences in performance of road vehicles and from the driver 
behavior. This has been studied through the kinematic wave theory (Lighthill, 1955), the diffusion theory (Pacey, 
1956) and the recurrence relation (Robertson, 1969). The platoon model based on the recurrence relation is simple, 
from numerical point of view, but it requires an experimental data base on which this cans be setting. It is basic 
adopted in the «fixed time» simulation program TRANSIT-7F. The recurrence relation is: 
 
 > @ > @   > @11= 212  tiqFiqFtiq EE  (1) 
 
where: q1[i] is traffic flow measured in the starting section, during the interval [i], including the transit time of the 
platoon; q2[i+t] is expected traffic flow at interval [i+t] in control section; t is average travel time on the distance 
between the two sections (measured in the same intervals used for q1 and q2); D is experimental factor of dispersion, 
281 Francesco Saverio Capaldo and Luigi Biggiero /  Procedia - Social and Behavioral Sciences  138 ( 2014 )  279 – 288 
between 0 and 1; E is experimental factor of the travel time given as the ratio of the average travel time of the 
vehicles of platoon and the average travel time of the entire platoon, between 0 and 1; F is smoothing factor given 
by: 
 
  tF  ED11=  (2) 
 
The speed is a function of the geometric characteristics of the road section and of the flow characteristics 
determined by the presence of the same platoon. The dispersion of the platoon depends on the values of the two 
experimental factors considered: D and E. An absence of platoon dispersion is characterized by D = 0 and E = 1; the 
maximum theoretic dispersion on the section, instead, is described by D = E = 1. 
The determination of two experimental factors D and E, at the end, influences the accuracy of the flow profiles 
calculated: they numerically describe the influence of other factors that vary in time and in order to environmental 
realities as platoon noises, vehicle performances and driver behaviors. Specifically D sums up the operating 
conditions (road layout, performance of horizontal and or vertical alignment, etc.) and the causes of noise 
extraneous to the traffic flow (presence or absence of parking, turning maneuver), while E expresses the 
perturbations internal to traffic flow (speed of disengagement, the composition of traffic flow, interference 
phenomena). Robertson, using the results of a survey conducted by Hillier and Rothery (Hillier, 1967), has obtained 
good results with D = 0.5 and E = 0.8. Those surveys were carried out under conditions of high and very noisy traffic 
flows. The manual of the TRANSIT (version 7-F) encodes three distinct operating conditions (interference low, 
moderate or high) for which it offers three distinct values for D and E (Table 1). 
 
Table 1 - Parameters Values of α and β show in Report NCHR 233 and in the manual TRANSYT 7-F (source: 
McCoy et al., 1983) 
Flow 
interferences 
  
Report 
NCHRP 233 
Manual 
TRANSYT 7-F 
Report 
NCHRP 233 
Manual 
TRANSYT 7-F 
High 0.50 0.50 0.80 0.80 
Moderate 0.37 0.35 0.80 0.80 
Low 0.24 0.25 0.80 0.80 
 
Subsequent experiments (McCoy, 1983) have allowed the calibration of the parameters of the diffusion model, 
regardless of the entity of heavy vehicles, in conditions of low perturbed traffic flows. The lowest values for D (0.13 
- 0.16) and, conversely, higher for E (0.97 - 0.99) was observed, through statistical analysis of regression, for 
separate carriageway roads with two lanes in each direction. Under analyzed conditions have suggested values of D 
equal to 0.21 and E equal to 0.97 for single carriageway roads and two lanes, and of D equal to 0.15 and E equal to 
0.97 for roads with separate carriageway and two lanes in each direction. Some Italian surveys (Capaldo, 1998 and 
2002) have supplied good calibration results with the values: D equal to 0.05 and E of 0.97. 
3. Weibull Distribution 
The probability density function of a Weibull (Weibull, 1951) distribution can be written as follows: 
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·
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t
 (3) 
where: t is time; D is the scale parameter of the distribution; E is the shape parameter of the distribution. 
The distribution function is: 
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 (4) 
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Its complementary cumulative distribution function is a stretched exponential function. The Weibull distribution 
is related to a number of other probability distributions; in particular, it interpolates between the exponential 
distribution (E = 1), the Rayleigh (or log-normal) distribution (E = 2) and like a Gaussian distribution (3.5 < E < 4). 
If the quantity t is a «time-to-failure», the Weibull distribution gives a distribution for which the failure rate is 
proportional to a power of time. If the quantity t is the time of arrival of each platoon vehicle; D and E are the 
parameters defining the scale and the shape of the function and they will be calibrated for each considered distance. 
The time t starts when the head of platoon arrives at the defined section. The Figs. 1 and 2 show the Weibull 
function varying the two factors alternatively. In the first form factor E varying from 1 to 20 with D equal to 2; next 
with fixed E equal to 10 and the factor D varying from 1 to 9. 
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Fig. 1.  Weibull function with D=2 and E=1, 5, 10, 15 and 20 Fig. 2. Weibull function with E=10 and D=1, 3, 5, 7 and 9 
4. Surveys  
The survey was conducted on a road section having some defined characteristics needed to obtain a reliable data 
base. In particular, road section should: 
x be entirely visible to be well shot; 
x be sufficiently lighted to distinguish vehicles and referring points; 
x have a good visibility; 
x have no singularity point which can modify drivers behavior; 
x have no slope (or a very light slope); 
x have no parking facility; 
x have no intersections; 
x have no noise due to the opposite vehicles. 
Thus a large road, named Via Caracciolo (Figs. 3 and 4), was chosen free from parking, easily filmable from a 
building in front of it. The segment considered starts from a traffic light at the beginning of the straight part and ends 
at the third traffic light on the corner of Vittoria square. Via Caracciolo was the most important urban corridor of 
Napoli linking west and east areas of the town. Nowadays it is included in a restricted traffic zone and causes many 
traffic problems. Road characteristics are: one roadway with three lanes in the direction examined and two in the 
opposite direction; lane width is 3,30 meters; section length is 633 meters from the first traffic light to the third one 
(square corner). 
Those characteristics allowed us to follow the vehicle stream gathering information about all kinematics 
characteristics of each vehicle in different driving condition. Flow is mainly composed of cars, some motorcycles, 
few buses and light goods vehicles. 
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Fig. 3 - The survey road with measured bases Fig. 4. The survey road from the taken movies 
 
The data have been collected using a digital camera on the top floor of a building in front of the last traffic light. 
The films were done during a week day in 2011 July during one hour in three different periods: from 8.00 am, from 
2.00 pm and from 5.00 pm o’clock. Data gathered are relative to type of vehicle, flows per vehicle class, headways, 
vehicle speed acceleration and density, platoon average speed. Measurement base lines were put on the pedestrian 
crossing and traffic lights. 
The most congested period was relative to the morning from 8 o'clock, with traffic flows average about 2500 
vehicles/hour and peaks of approximately 3500 vehicles/hour, and it is been considered for this research. The first 
traffic light at start of the section has a pedestrian control since no intersection is present while the last light has 
fixed green times. The number of flow interruptions due to red light at the first traffic light was of 15 in the first 
hour and the pedestrian red time length was of 36 anticipated by a 4 seconds yellow light. Moreover, among such 15 
observation of vehicles flows, it is considered the uninterrupted platoons which cross the last traffic light when it is 
green. 
 
Table 2 - Average speed, acceleration and time at base lines 
Base line (m) 200 400 633 
Speed (km/h) 65.7 74.3 58.9 
Acceleration (m/sec2) 0.82 0.14 -0.33 
Time (sec) 10.96 9.69 14.24 
5. Results 
The first step following the data collection was the computation of average characteristics relative to the platoons 
starting from the first traffic light. Table 2 shows these values. As it can be argued, beneath the last light is green, 
platoons decelerate in average as they approach the intersection. This can be due to two causes: the former is relative 
to safety; the latter is relative to the maneuver of turning to the left which is possible about 50 meters after the traffic 
light. 
5.1. Robertson coefficients fitting 
The data have been used to calibrate both the two travel time dispersion coefficients (D and E) of the CFP model. 
Starting from the Robertson values ofD = 0.5 and E = 0.8, we considered both the Mc Coy proposed values of D = 
0.27 and E = 0.97 (Mc Coy, 1983) and D = 0.05 and E = 0.97 (Capaldo, 1998, 2002). After several calibration 
attempts, another dispersion coefficient couple has been considered which is slightly different from the last 
mentioned. The coefficient values of D = 0.04 and E = 0.97 are more the ones which better approximate 
experimental flow profiles. 
Table 3 shows the result of correlation analysis between experimental and computed data for some couple of 
recurrence method coefficient: the values calibrated for Italian contexts present a greater goodness of fit with value 
of R2 index close to one. Others results substantially different from the experimentation. 
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Table 3 - Regression analysis of coefficients of recurrence relation D and E 
  R2 Adj R2 Std. Err. 
0.50 0.80 0.312 0.300 625 
0.27 0.97 0.528 0.520 591 
0.03 0.97 0.969 0.969 218 
0.04 0.97 0.974 0.973 197 
0.05 0.97 0.975 0.972 198 
0.06 0.97 0.967 0.967 213 
 
The figures (Figs. 5 and 6) shows experimental versus computed CFP profiles for the last section considered (633 
m) which corresponds to the greater platoon dispersion: the other pair of coefficients values gives rise to two 
profiles that best reproduce real CFP. 
 
0
1000
2000
3000
4000
5000
4 12 20 28 36 44 52 60 68 76
F
lo
w
 (p
c/
h
)
Time (0=14,24 sec)
CFP  633 m
Calculated
Surveys
 
-
1.000 
2.000 
3.000 
4.000 
5.000 
- 1.000 2.000 3.000 4.000 5.000 
S
u
rv
ey
s
Calculated
 
Fig. 5. CFP at 633 m line, surveys and calculated flows with 
D=0.04 and E=0.97 
Fig. 6. Surveys and calculated flows with D=0.04 and 
E=0.97 
5.2. Weibull fitting 
Recurrence method allows schematize cyclical profiles but it need a large number of calculations: the greater the 
distance, the more are the calculations. As above seen, it is not possible to know the flow profile at a definite 
distance from a starting section without the knowledge of the profiles relative to some shorter distances. Below we 
consider a statistical function that fits well flow profiles varying its own parameters.  
If it analyses profile shapes from both surveys and recurrence method, a Weibull density function seems to be 
drawn. Into reality, the arriving on a given distance of vehicles starting from a traffic light can not be considered as 
normally distributed. As well known in literature, normal is the distribution of isolated vehicle speeds and thus the 
speed of the first vehicle in a platoon. Speed of other vehicles platoon can not be normally distributed because 
vehicles are subject to interactions among them. Platoons have usually regarded as compact that is all vehicles have 
the same velocity corresponding to a uniform statistical law of arrival to a defined distance. Analyzing surveyed 
profiles, the revealed asymmetric arrival distribution mays be fitted by a Weibull density function with parameters 
varying with distance. 
By minimizing the sum of square of distances between Weibull and surveyed flow profile for each considered 
distance from the starting line, a set of parameters have carried out as shown in Table 4. 
These values have allowed the construction of Weibull curves for the four sections of the survey. Figs. 7 and 8 
show two curves (at start line and 633 m line) built with the parameters of Table 4 overlapped to the diagrams of 
vehicle flows. These have plotted now in terms of the frequency density and no more in terms of the flow per hour. 
Likewise the curves of cumulative frequency distributions show a good fit to the experimental data. 
For each calibrated density function, Chi-squared goodness of fit tests have been performed giving a degree of 
acceptance always greater than 99%. This confirms the good matching of flow profile made by the Weibull density 
function. 
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Table 4 - Set of parameters D and E of Weibull function fitted at different distance from start line 
Distance (m)   
0 1.4055 22.6011 
200 1.7118 25.8669 
400 1.7897 27.2610 
633 1.8866 29.0298 
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Fig. 7. CFP at start line, surveys and flows calculated 
with values of D and E show in Table 4 
Fig. 8. CFP at start line, surveys and flows calculated 
with values of D and E show in Table 4 
 
Since it want to be able to compute flow profile without taking into account previous distances, a variation law of 
calibrated Weibull coefficient should be carried out supposing to approximate parameters values as linear functions 
of distance. Thus have been carried out the least square regression lines for the two Weibull parameters and all are 
shown in Table 5 and Figs. 9 and 10. 
 
Table 5 - Set of parameters D and E of Weibull function fitted from start line to 633 m 
Linear regr.: y=mx+b Coefficient D Coefficient E 
m value 
(t test) 
0.00072  
(3.77) 
0.00973 
(6.60) 
b value 
(t test) 
1.47691 
(20.03) 
22.20330 
(40.64) 
R2 0.8768 0.9561 
Adj R2 0.8152 0.9342 
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Fig. 9. Value of D and distance from start Fig. 10. Value of E and distance from start 
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Observing R2 values, it can be argued that Weibull function can be written as dependent on distance x using the 
linear approximation of the two coefficient D and E , starting from expression (3) and with the two relations (5) and 
(6), as shown in the following expression (7). 
 
 DDD x+b m(x) =  (5) 
EEE x+b m(x) =                                                                  (6) 
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where: x is the considered distance; t, the vehicle arrival time starting from the first arrived vehicle at the distance x; 
mD and bD, the regression coefficients for the Weibull parameter D; mE and bE, the regression coefficients for the 
Weibull parameter E. 
Moreover, a sort of elasticity test has been conducted calibrating regression lines taking into account only 
distances up to 400 meters. Regression coefficients, reported in the following Table 6, result very similar to the ones 
above showed. 
A test t-Student on the difference between coefficient values of the two tables (null hypothesis: coefficient are 
different) shows low value of t variable that is the coefficient can be considered as statistically equal between the 
two tables (0.64 and -0.30 for mD and bD; -0.60 and -0.28 for mE and bE). This seems to imply that we need a distance 
not very long to obtain a good calibration for the Weibull coefficients and of their variation law. 
 
Table 6 - Set of parameters D and E of Weibull function fitted from start line to 400 m 
Linear regr.: y=mx+b Coefficient D Coefficient E 
m value 
(t test) 
0.00096 
(2.93) 
0.01152 
(4.38) 
b value 
(t test) 
1.44333 
(17.05) 
22.95472 
(33.81) 
R2 0.8957 0.9505 
Adj R2 0.7914 0.9010 
 
The difference between the two curves Weibull linearized (the first curve with four data of section, the second 
with only three data) are compared to curve just fitted on the data of the last section (Figs. 11 and 12). Difference is 
not easily appreciable and in the figures (where it was preferred to end a bit before the line of the fitted curve) this is 
clear. 
 
0,000
0,005
0,010
0,015
0,020
0,025
0,030
0,035
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84
t
Distance 633 m
Survey
Fitted
Linearized
 
0,000
0,005
0,010
0,015
0,020
0,025
0,030
0,035
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84
t
Distance 633 m
Survey
Fitted
Linearized
 
Fig. 11. Flows al 633 m line: survey, fitted Weibull and 
Weibull linearized from start to 633 m 
Fig. 12. Flows al 633 m line: fitted Weibull and Weibull 
linearized from start to 400 m 
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6. Conclusion and discussion of results 
In this paper has been described an experimental survey on the behavior of a traffic flow profile and its 
simulation on a real urban arterial road. This work starts from other surveys found in literature for different urban 
and people contexts and it propose new calibration results by comparing them to the literature results showing the 
relevance of context to the driver's behavior. 
It has showed indeed that the two parameters describing the flow profiles obtained from different Italian surveys 
to be quite similar but significantly different from the corresponding parameters of U.S. surveys. So it is induced to 
suppose a high relevance of the driver behavior that, in average, depends on the type of infrastructure and on the 
rules and the «styles» of drivers. Such hypotheses have confirmed by the value of the two coefficients D e E. The 
former is also called «dispersion coefficient» since it varies with the platoon dispersion due to factors different from 
speed; the latter varies with the platoon speed and the values of speed average vehicles. The result obtained shows 
how in the Italian context almost all vehicles have the same speed value in the whole platoon and this explains the 
high value of D coefficient. On the other side the dispersion of the platoon can depend on the driver reactivity to the 
green signal at the traffic light. The very small value of D coefficient can be due to fact that all the drivers start very 
fast when the green light turns on denoting an aggressive driving style and thus gives rise to a compact platoon. This 
seems also depend to the hour of survey. Basic at 8 o'clock and at 5 pm o'clock due to work or study trips which are 
highly motivated and the traffic is to go fast to arrive at work or at school in time. Moreover no from parking or 
from pedestrian crossing noise are present and this, according with results from Robertson, surely influences the low 
value of D coefficient. A correlation analysis between experimental and computed data for each couple of 
coefficient confirmed the above statements. If the goodness of fit was poor with U.S. contexts coefficients, on the 
contrary Italian context coefficients reached values of R2 parameter close to one, with not yet valuable differences 
among the different Italian contexts. 
A further analysis of the experimental data has led to the application of the Weibull function for the description 
of the flow profiles at different sections. This application of the distribution curve may be unconventional but is 
been suggested by the great adaptability of the same curve in different experimental contexts. It has controlled the 
adaptations to the experimental data (very good) as a function of the distance from the starting line and the 
sensitivity of the calibration of the parameters of the distribution compared to the number of survey sections. 
It is seen that the two coefficients (still named D and E) of which one of scale and one of form, vary almost 
linearly with the distance from the starting line. Again it is checked what the linearization curve parameters were 
influenced by the number of survey sections. Even with only three sections it is not able to appreciate significant 
variations between the different curves. And future work should focus on the variability of the two coefficients and 
on the factors that may affect this variability. 
The considerations above described, also for not exhaustive data collected, show the relevance to realize more 
surveys and experimentations to collect the average characteristics of traffic flows which can be more different in 
various contexts. So such surveys will be extended to different day hours, to catch the effect of trip purposes on 
behavior of drivers, and to understand the stability of the coefficients compared to different geometric road 
characteristics. 
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